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SUMMARY

1. Introduction/Background

As part of AIRTASK A370370C/001B/9F52-550-000, this command is
tasked by NAVAIR to develop the AN/AMT-22 dropsonde system and to
evaluate its performance through an extensive TECHEVAL program. The
dropsonde sensor, which is capable of measuring meteorological data, is
being developed by JMR Systems Corporation, Salem, New Hampshire. The
dropsonde program was initiated in June 1976 and TECHEVAL is scheduled
to commence in September 1979. The principal use of the dropsonde data
at present will be within the IREPS (Index of Refraction Effe;ts Predic-
tion System) for propagation analysis. However, it is also anticipated
that the dropsonde will be used by P-3C and S-3A aircraft as a vital aid
to their ASW (Antisubmarine Warfare) missions and to their survivability
requirements. In addition, potential modifications to the dropsonde,
including wind-sensing capability and integration with the AN/SSQ-36
airborne expendable bathythermograph (AXBT) sensor will provide the Navy

with a consolidated, improved ASW environmental sensor capability.

The processor function of the dropsonde system, the RDSRU (Refrac-
tive Dropsonde Signal Recording Unit) processor, was developed by Bendix
Corporation, Baltimore, Maryland, during the period July 1976 to June 1977
and was tested and accepted by NAVAIRDEVCEN. Bendix was also tasked to

develop a modified version of the RDSRU, namely the RASP (Refraction
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Anomalies Signal Processor), to implement the current dropsonde modifica-
tion of replacing the baroswitch pressure sensor with the CAPS (Continuous
Analog Pressure Sensor). Delivery date of the RASP was slated for -

30 September 1979.

This DT-2 (Development Testing) report documents laboratory and
field test results that have been acquired and evaluated during the
evolutionary development of the dropsonde system design; The ultimate
goal of this phase is to demonstrate that design risks have been iden-
tified and minimized; that the engineering, design, and development
process is complete; and that the performance of the dropsonde system

will meet the required specifications.

2. Summary of Results

Four major field tests were conducted in 1978 to verify the overall
dropsonde design. Mechanical tests at Warren Grove (New Jersey) in July
and at Lakehurst (New 3ersey) in September were held to verify the
dropsonde deployment mechanism (without any "'live" electronics). To
prove the adequacy of the transmitted dropsonde signal, field tests were
conducted at Key West (Florida) in February and at Cape Hatteras (North
Carolina) in Septembér. In addition, laboratory and antenna range tests

were performed at NAVAIRDEVCEN in August to improve the tuning procedure

of the transmitter board and to refine the antenna design.
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a. The received dropsonde signal during the Key West test was
noisy, erratic, and marginal in S/N (Signal—té—Noise) ratio. Of the
nine sondes launched, four had inoperable thermistors and one generated
a very noisy hygristor signal. Due to the poor quality of the incomihg
signal, the RDSRU processor was unable to process any data during the
flights. Only the first launch was capable of being processed sub-
sequently in the laboratory, using a more elaborate processing setup.
Mechanically, five of the nine launches had no deployment problems,
three experienced premature drogue chute separations from the sonde
housing, and the remaining launch encountered a late deployment of the
air tab and the drogue chute. Several mechanical and electrical modifi-
catiéns were implemented into the dropsonde design és a result of the

failures incurred during this test.

b. At the Warren Grove test, five of the nine launched units
experienced no deployment problems. All three of the sondes launched at
the maximum aircraft speed (330 kn) encountered failures. Out of the
six sondes dropped at velocities of 250 kn or less, only one failure
occurred. All of the failures were related to one or more of the follow-
ing areas: (1) rough finished or improperly polished parts in the timer
mechanism, (2) marginal design tolerances in the timer release hardware,
and (3) marginal drogue and main parachute shroud line strength at the
upper end of tﬁe launch envelope. From the results of this test, several
design modifications to the timer mechanism were made and the need for

another deployment-related drop test was dictated.
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c. From the results of the nine sondes launched during the
Lakehurst deployment test, it was concluded that the dfopsonde design
was satisfactory at aircraft speeds up to 300 kn at 1,000 feet of altitude,
a severe point on the sonobuoy launch envelope. One failure occurred
out of four sondes launched at velocities of 300 kn or less and three
failures occurred out of five dropsondes launched at speeds of 325 kn or
greater. The two main causes of the deployment failures were in the
areas of improper timer mechanism release and fraying of the 500 pound
test line. Several design modifications were implemented to the timer
mechanism to ‘correct : these problems.

3

d. Laboratory and antenna range tests conducted at NAVAIRDEVCEN
indicated deficiencies in the antenna-transmitter subsystem of the drop-
sonde. An improved simplified transmitter board tuning procedure was
developed that utilized a maximum power, rather than minimum current,
technique. Refinements in the antenna design, specifically a modifica-
tion of its actual dimensions and the establishment of an improved

grounding point, were also developed.

e. The Cape Hatteras test successfully verified the integrity and
RF strength of the transmitted dropsonde signal. The entire five sonde
launches were very satisfactory in the areas of deployment and RF and
data transmission and reception. However, the RDSRU processor only

produced one satisfactory data run during the flight. With the use of .

the NAVAIRDEVCEN laboratory processing scheme, the data from all five
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launches were subsequently processed successfully. The data agreed very
well with the corresponding National Weather Service rawindsonde data,
except for an offset in humidity in several instances. A éatisfactory
data run of the final drop, utilizing the RDSRU, was also conducted in
the laboratory. The resulting atmospheric data outputs matched those
generated by the more elaborate NAVAIRDEVCEN processing scheme. However,
several shortcomings in the RDSRU processor were identified, specifically
the need for data validation, noise rejection, and data averaging capa-

bilities.
3. Conclusions

The engineering, design, and development process for the dropsonde
has been saéisfactorily completed, except for the current effort of
replacing the baroswitch pressure sensor with that of the CAPS sensor.
From the results of four major tests conducted during 1978, many mechan-
ical and electrical improvements were implemented into the dropsonde
design. The successful results of the final deployment and electrical
tests (at Lakehurst and Cape Hatteras, respectively) demonstrate that
design risks have been identified and minimized and that the performance

of the dropsonde system will meet the required specificationms.

4. Recommendations

Based on the successful outcome of the Lakehurst deployment and

Cape Hatteras electrical tests, it appears that the dropsonde design
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problems have been identified, corrected, and minimized. As a result,

it is recommended that the dropsonde system advance into the TECHEVAL

phase of the program. “
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1. INTRODUCTION

The main text of this technical report is divided into six major
sections. The first section will present a detailed description of
the dropsonde sensor, dropsonde processor, and the processor output
data formats, including anticipated users. The next four sections will
separately describe each of the four major field tests conducted during
FY78; i.e., tests at Key West, Florida; Warren Grove, New Jersey;
Lakehurst, New Jersey; and Cape Hatteras, North Cafolina. Included in
each field test section is a test objective, test setup, test results,
conclusions, and recommendations, including corrective design changes.
The last major section will relate final conclﬁsions and recommendations
based on the results of the four major tests. The intent of this format
is to provide a chronological sequence of test results, conclusions, and

recommendations.

2. SYSTEM DESCRIPTION

The dropsonde system under development consists of a sensor and a
processor. The intent is to utilize the dropsonde system with currently
used ASW aircraft receivers, much in the same manner as a sonobuoy and its
processor. The dropsonde sensor, processor, and applications for dropsonde-
acquired meteorological data will be detailed in the following three

sections.

13
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2.1 Dropsonde Sensor

The AN/AMT-22 dropsonde sensor is capable of measuring atmospheric
pressure, temperature, and humidity parameters to altitudes of 30,000 feet.
The dropsonde is contained within the form factor of an "A"-size sonobuoy
(4.875 in. diameter x 36 in. length cylinder). As a result, the sensor can
be loaded aboard and CAD (Cartridge Actuated Device) launched from ASW

aircraft in the identical manner as sonobuoys. The weight of the dropsonde

sensor is 1l pounds.

After launch the dropsonde is retarded in the airstream by a two-
stage parachute system that is initiated by a wind flap mechanism.
First, a drogue parachute is deployed to decelerate the dropsonde. Within
6 seconds, the timing out of a timer mechanism causes the release of the
drogue chute from the sonde and the deployment of the main parachute,
a 4-foot diameter ribless guide type. Thus, once deployed into the air-
stream, the sensor orients and stabilizes within 6 seconds, while descend-
ing at a rate of 1700 ft/min. The deployment sequence is illustrated in

figures 16 through 21 in section 5 of this report.

The current version of the dropsonde utilizes a baroswitch device
that contains resistive pressure contacts for discrete atmospheric
pressure measurements. With the baroswitch the data commutation rate is .
400 ms/cycle, yielding a data profile resolution of 12 feet. Each cycle

consists of four 100 ms parameters in the following order: (1) reference

14
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frequency, (2) atmospheric temperature, (3) atmospheric pressure, aﬁd

(4) atmospheric humidity. The reference signal is approximately 2500 Hz
and the other data information ranges in frequency from 225 to 2250 Hz.
The commutation signal, a "rounded" square wave of 50 +5% duty cycle, is
generated by a commutator-oscillator network, which converts the individual
sensor resistive values to first, corresponding voltages and then, to the
proper frequencies. The temperature and humidity sensors utilized are a
VIZ rod thermistor (-65° C to + 50° C, +0.5° C) and a VIZ carbon hygristor
(0% to 100%, +5% relative humidity), réspectively. An ongoing development
effort will replace the current baroswitch with a Honeywell CAPS sensor,
the output of which will vary smoothly and continuously over a range of
1050 to 10 millibars with an accuracy of +2 mb. This modification in the
pressure-measuring device will change the commutation rate from 400 to

800 ms/cycle with eight 100 ms parameters in the following order:

(1) reference frequency, (2) atmospheric temperature, (3) pressure,

) humidity, (5) temperature of the CAPS sensor, which is a parameter
used in the pressure algorithm, (6) atmospheric temperature, (7) pressure,

and (8) humidity.

The sensor data are multiplexed into the LOFAR (Lovarequency
Analysis and Recording) sonobuoy acoustic passband and telemetered to
the aircraft on one of three VHF sonobuoy channels (channels 12, 14,
and 16) used by the AXBT (Aircraft Expendable Bathythermograph) sonobuoy.
This format enables the present avionics aboard ASW aircraft to receive

this data and record it on magnetic tape units normally used for acoustic

15
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data from sonobuoys. The VHF frequencies are generated by an SSQ-41A
transmitter board located within the dropsonde and have a nominal power
output of 1 watt. The power source for the transmitter and commutation
electronics is a 6-cell, 22.5 volt lithium (502) battery having a nominal

operating life of 120 minutes.
2.2 Dropsonde Processor

The current dropsonde processing scheme, which consists of an RDSRU
processor and an Axiom EX-800 electrosensitive printer, is capable of
near real-time processing of dropsonde meterological data. The processor
is designed to condition, decommutate, and digitize dropsonde data that is
inputted from the ASW receiver. Through algorithms in its software pack-
age, the RDSRU will then convert the digitized data to engineering units
as meteorological and refractivity data, select significant values, and

display the output on the printer.

Tables XVI, XVII, and XVIII of section 6 are examples of typical
RDSRU output data. In table XVI the RDSRU-calculated values of pressure,
temperature, humidity, and M and N engineering units are displayed as a
function of calculated altitude, along with launch conditions and the
estimated surface pressure. In table XVII the period values of reference
frequency, temperature, pressure, and humidity are depicted as a function
of processor time. Lastly, ducting effects, including pertinent altitudes

and engineering units, that are output by the RDSRU are illustrated in

table XVIII.

16
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Four PC boards are located within the RDSRU to process the data:
(1) input signal conditioning board that contains a data buffer, a
10 Hz decommutation detector and PLL (Phase-Locked Loop), a counter that
gates each data parameter for a 10-period window, and a digitizer that
converts each data frequency to a 16-bit word, (2) SBC 80/10 board that
serves as a CPU (Central Processing Unit), (3) 16 K byte RAM (Random
Access Memory) board, and (4) 16 K byte EPROM (Eraseable Programmable
Read Only Memory) board that contains the software package with the

appropriate meteorological and refractivity algorithms.

The front panel of the RDSRU contains the following items:
(i) power off-on switch, (2) power on, system fault, system busy, and
data received LED lights, (3) BNC input comnections for processing both
receiver data and tape recorder data, and (4) a numeric keyboard for
prelaunch entering of baroswitch calibration data, thermistor and hygristor
lock~in resistance values, and launch conditions, such as drop altitude,
latitude, longitude, and date. A reference to table XIX of section 6 will

illustrate a typical RDSRU display of prelaunch input data.

The RDSRU can be powered either with a 115 VAC, 60 or 400 Hz
external source or a self-contained battery. The weight of the RDSRU is
approkimately 55 pounds and its dimensions are 18 in. in length, 11 in.
in width, and 14 in. in height. The RDSRU is a unique piece of hardware
with no production anticipated. An ongoing development effort is being

conducted to replace the RDSRU with the RASP processor, which will be an

17
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updated version of the RDSRU with the capability of processing continuous
pressure data supplied by the CAPS sensor. Figure 22 of section 6 is a
block diagram of the prqposed P-3C dropsonde processing configuration.
The new printer to be utilized with tﬁe RASP will be a Miltope TP2000

model, a ruggedized, high-speed, 40 column thermal printer.
2.3 RASP Processor OQutput Data Formats and Users

A total of four data output formats will be provided by the RASP
processor in a‘40 character-wide printout. These output formats include:
(1) duct report to the aircrew, (2) refractivity profile report, (3) mete-
orological profile report with mandatory and significant levels, and
(4) raw data dump output. An operation manual for utilization of this

data will be forthcoming.

The duct report to the aircrew is mandatory and not operator select-
able. Basically, the report describes any present real-time refractive
layers, including the pressure altitudes (in feet) at the top and the
bottom of the duct and the strength of the duct (in M engineering units).
The printout will also‘indicate date, time, latitude, longitude, and
sonde type and serial number. The duct report is required by the PPC
(Patrol Plane Commander) for avoidance of radar detection of the aircraft
and its special ordnance, since the presence of and location of ducts, -
caused by certain atmospheric conditions, determine the effects on the

propagation of electromagnetic radiation. The real-time duct information
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can be compared on site with'the mission environment prediction received
prior to flight and adjustments and refinements in the mission plan can

be made when required. 1In addition, a message can be transmitted back to
the meteorological center or TSC (Tactical Support Center) indicating
differences between the predicted information and the on site measurements,

for near-future flight plans.

The second report, the refractivity profile, is also mandatory and
not operator selectable. The refractivity information reported is
available within minutes after the cessation of sonde telemetered data
and includes significant refractivity points (in M-units), the corres-
ponding pressure altitudes (in feet) and geopotential altitudes (in
meters), and the pertinent header information described previously.
This refractivity information will be used as an input to the IREPS
system to develop tactical mission plans through propagation analysis,
especially in the generation of radar coverage plots. Further detailed
information concerning the IREPS system and basic refractive effects
theory can be obtained in reference (a). The number of significant
data points generated in this report is limited to 29 for compatibility
with the IREPS input format and the altitudes are listed in ascending
order. An RS232C interface will be used between the RASP and IREPS
units and special precautions are currently being made to modify the

IREPS software for compatibility with the RASP output formats.
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The meteorological profile report, which is also mandatory (mot
operator selectable), contains the necessary data for WMO (World Mete-
orological Organization) format weather reporting. These data collec-
tively form the input to a local weather prediction by thé meteorological
unit aboard carriers and land-based Naval weather stations. The meteoro-
logical data reported by the processor consists of mandatory levels of
pressure (mb), altitude (meters), temperature (° C), and dew point
depression (° C) and significant levels of pressure (mwb), temperature
(°C), and dew point depression (° C). This meteorological report can
also be utilized to provide FNWC (Fleet Numerical Weather Central) with
data to facilitate global weather assessments and to provide the research
and development community with archival data. ~Lastly, this meteorological
printout indicates to the aircrew that the processor is functioning
properly in the absence of a duct report if no refractive anomalies are

present.

The fourth (and last) report is an optional data dump necessary for
developmental and debugging purposes. The data printed out consists of
period values of the eight parameters (reference frequency, free air
temperature, pressure, humidity, CAPS temperature, free air temperature,
pressure, and humidity), along with processor time, at each of the
mandatory and significant points listed in the meteorological profile
report. Thus, this data dump will serve as a backup to check any

unusual atmospheric or refractive points listed in the meteorological

profile report.
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3. KEY WEST DROPSONDE TEST (16~17 February 1978)

3.1 Objective

The objective of this test was of a threefold nature: (1) to
verify the deployment operations of the dropsonde, (2) to determine
the RF strength and the integrity of the transmitted dropsonde signal,
and (3) to employ near real-time data reduction of this signal,
utilizing a Bendix RDSRU (Refractive Dropsonde Signal Recording Unit)

processor.

3.2 Test Setup

The test consisted of CAD launching nine electrically active drop-
sopdes in sonobuoy launch containers from a Navy P-3C aircraft. All of
the sondes that were launched were manufactured by the principal contractor,
JMR Systems Inc. However, three of the sondes were modified to include
the Honeywell, Inc. CAPS (Continuous Analog Pressure Sensor) and its
associated electronics package for design verification purposes. The
test format consisted of launching the sondes, one at a time, from the
P-3C airecraft at altitudes slightly below 12,500 feet and at aircraft
speeds of 250 kn. However, because the drogue chute separated from the
sonde on two of the four launches on the first test day, it was decided
to reduce the aircraft speed to 190 kn for the final day of testing.
Additional information related to the dropsondes and the launches is

given in tables I and II.

21




NADC-79194~30

The tasks onboard the aircraft (P-3C No. 158928) consisted of
recording the dropsonde data with a 28-track wideband AQH-( ) tape
recorder, monitoring the signal levels with an oscilloscope and an
ARR-72 receiver signal strength meter, and taking photographs of the
incoming signal from the oscilloscope display. Pressure calibration
data and other parameters were also input into the RDSRU processor
between drops. The dropsonde deployments were photographed through
the utilization of a high-speed (200 frames/s) camera mounted on wing

station 13.

Prior to the actual drops at Key West, extensive laboratory tests
were conducted at NAVAIRDEVCEN to determine whether all of the sondes
met the specification requirements. Tests that were performed included
verifying the commutation rate, sensor resistance values, oscillator
performance, and RF performance, including frequency, power output, and
deviation. Calibration of all of the baroswitches was also accomplished.
In addition an arrangement was made with the Key West Weather Service
Station to launch a rawindsonde on each test day during the launches for

data comparison purposes.

3.3 Laboratory Data Processing

The laboratory data processing scheme is illustrated in block .
diagram form in figure 1. The aircraft 28-track tape recorded dropsonde

data are processed in the following manner: (1) tapes are dubbed to
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provide compatibility with the laboratory l4-track tape recorder, (2)
data are bandpass filtered to eliminate unwanted noise outside of the
dropsonde signal frequency band and are displayed on a storaée oscil~-
loscope, (3) data are then conditioned by an adjustable trigger cir-
cuit in a counter and displayed on an oscilloscope so that a suitable
triggering level can be set for the counter and that the data can be
viewed to determine its integrity, (4) the conditioned data are
synchronously decommutated using a frequency-to-voltage converter

and a "flywheel" oscillator, which is adjusted, as necessary, to
maintain synchronization, and (5) the average period measurement

for each 100 millisecond data sample is input to a Tektronics 4051

microcomputer for storage, processing, and display.

The initial portion of the average period measurement data (which
are expressed in hundredths of a microsecond) for the first launch is
shown in table III. These data are generated by the counter and trans-
ferred to the microcomputer during the rerun of the entire sonde deploy-
ment. The data are then output by ;he microcomputer to a printer, a
sample from which is given in table III. These period data are then

processed in the microcomputer using the following techniques:

a. First, all of the individual pressure contacts for the entire
sonde deployment are manually identified by visual examination of the
period data. The pressure contacts are fixed resistors (1% tolerance)

switched by the baroswitch aé the pressure varies. Table III1, which
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is a sample portion of laboratory-measured period data, identifies

pressure contact '"makes" (switching from an insulated segment to a

pressure contact) and "breaks" (switching from a contact to an insulator). .
It can be seen from the data that the insulating segments are charac-

terized by much higher period values than those at the pressure contacts.

The switch contacts are coded as "l's," "5's," and "15's" types to

insure pressure data integrity during the sonde'svexcursion. In the

event the RF signal is interrupted, the pressure data can be redefined

once the RF is reacquired. Identifying the "1's," "5's," and "15's"

pressure contacts is simplified because they have different fixed

resistors, and consequently, different period values.

b. Secondly, the period data of temperature, humidity, and
reference frequency is selected by the microcomputer from six cycles
at each manually-entered pressure "contact-make' specification: the
three data cycles preceding the contact "make," the "make" cycle, and
the two data cycles following the contact '"make." A six-cycle average
of the period data about each pressure contact is then computed for
temperature, humidity, and reference frequency. The period data are
re-examined by the microcomputer and any value that is not within two
standard deviations (2 o) of the average is discarded. A new average

is then calculated from the remaining period data points.

c. A listing of these averaged period values for each entire

sonde deployment is then generated and visually inspected to determine
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if any individual averages vary considerably from their adjacent aver-
ages. The occurrence of any such discrepancies may result if two or
mofe period values in a six-cycle segment deviatg considerably from the
remaining pericd values. In such a case, the calculated average for the
six-cycle segment may be altered sufficiently by the "wild" data points
as to maintain them within the 2 ¢ window, thus precluding their elimina-
tion by the program. Consequently, when an "unusual" average is found
from a visual inspection of the listings, the individual period values
that were used in the calculation qf the average are then maﬁually
re-examined. If any "wild" period values are detected, then they are
manually discarded. A new average is manually calculated from the
remaining period values and is reinserted into the microcomputer memory.
This manual technique of reinspecting the averages and recalculating any
deviating averages could have been executed solely by the microcomputer,
but due to time constraints, it was deemed impracticable to implement

this technique into a computer program.

d. After the average periods for reference frequency, temperature,
and humidity are satisfactorily computed at all of the pressure contact,
various algorithms stored in the microcomputer are then used to deter-
mine the temperature, humidity, altitude, and refractivity (in M and N
units) at each pressure contact. These algorithms are detailed in
appendix A. In addition, table IV gives a listing of the absolute
pressure levels and the averaged period data that are gemnerated by the
microcomputer at the first 25 pressure contacts after the commencement

of the launch of sonde No. 1.
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3.4 Test Results

A summary of the deployments and of the received audio signal
information for all of the nine launched dropsondes is detailed in
tables V (a) and (b). This summary is based on real-time data collec-
tion and subsequent analysis of both the deployment films and the
recorded audio tapes. Mechanically, five of the nine launches had no
deployment problems and three experienced premature separations of the
drogue chute from the sonde assembly. Of these latter three drops, ome
launch also had no deployment of its main parachute, as determined by
its brief flight time of 1 min, 50 s. The remaining launch had an
extremely late deployment‘of the wind flap (air tab) and of the drogue
chute (1 second after the commencement of the launch), as detgrmined by

a postflight analysis of the aircraft coverage films of the launches.

The received audio dropsonde signal was not able to be processed
in all but two of the launches because the signal, in general, was
noisy, erratic, and had a marginal S/N (Signal-to-Noise) ratio. The
RF levels were also marginal in most cases and RF dropouts and RFI
(Radio Frequency Interference) occurred. The magnitude and severity
of these RF problems for each drop is detailed in tables V (a) and
(b). In addition, four of the sondes (drop numbers 3, 4, 6 and 7)
had inoperable thermistors (temperature sensors) and one had an
extremely nqisy signal from the hygristor (humidity sensor). An

examination of the aircraft films revealed that the expendable plastic
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plunger disc assembly of the P-3C CAD launching system became a free
body after leaving the aircraft. As a result, the disc contacted the
sensor end of the dropsonde, causing damage to both the thermistor and

the hygristor.

Furthermore, it is also suspected that the CAD launching of the
dropsondes might induce a slight offset in the calibration of the
baroswitches, as a result of the large shock force created during a
launching. Cursory laboratory measurements imply that this force may
induce a set (a displacement or "readjustment") in the click-adjustment
assembly of the baroswitch, with the possibility of causing an offset

of a few millibars. It is suggested that this effect be further investi-

~gated, if it is decided to return to the baroswitch method, rather than

the CAPS or continuous method, of measuring pressure.

Launch numbers 1 and 4 were the only drops that contained processable

data, but only the audio signal of drop No. 1 was processed in the
laboratory due to the lack of a thermistor signal during the fourth
drop. Furthermore, the Bendix RDSRU processor was incapable of proc-
essing any of the incoming dropsonde data during the flights due to the
general poor quality of the received signal. Also, an intolerable
number of unidentifiable contacts of the pressure sensor baroswitch were
reported by the RDSRU. However, with the advent of the CAPS pressure
sensor and the current development of the RASP dropsonde processor, any
shortcomings of the baroswitch and of the RDSRU processor will be alle-

viated.
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The processed data (M and N units, temperature, and humidity) for
sonde No. 1 and for the rawindsonde launched by the National Weather
Service are shown in graphical form in figures 2 and 3, respecgively.
Printouts of the individual data points versus altitude and pressure are
given in tables VI and VII. Approximately the first 1,000 feet of
dropsonde data can be safely discounted since a brief period of time is
required for the dropsonde sensors to stabilize to the outside ambient
conditions after being subjected to long periods of warm temperature and
low humidity conditions in the launching aircrafﬁ. Figures 4 through 8
compare the rawindsonde data listings with those of dropsonde No. 1. It
can be seen that the data agree very closely, especially the M units, N
units, and temperature comparisons. The fact that the rawindsonde and
the first dropsonde were launched about one hour apart may explain the
discrepancies in the humidity data, since the cloud cover changed
slightly. Also, it is not uncommon that a 5-6% difference in humidity

measurements may occur between two different hygristors subjected to

identical atmospheric conditions.

Photographs of the dropsonde signal acquired from the tape recorded
data are shown in figures 9 through 15. The waveforms in figures 9, 10,
and 11 are from sonde No. 1, -the only sonde whose data was capable of
being processed. In figure 9 an entire 100 millisecond data parameter
sample is illustrated, along with the halves of two other data samples.
In figure 10, the undistorted feature of the dropsonde signal, which is

in the neighborhood of 1,400 Hz in this time period, is captured.
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Figure 11 depicts the change in frequency between two successive data
parameters. The signal waveform for dropsonde No. 3, which had an
inoperable thermistor and a defective, ndisy hygristor signal, is shown
in figures 12 and 13. In figure 13, the 150 Hz noise spikes generated

by the hygristor can be observed prior to the appearance of the reference
frequency signal. Lastly, in figures 14 and 15, the lack of a thermistor
signal is shown for sonde No. 4. The complete 400 millisecond data

cycle is captured in figure 14.

3.5 Conclusions and Recommendations

The following conclusions were drawn from an in~depth evaluation
and analysis of on-site data, aircraft films, and laboratory data proc-

essing:

a. Five of the nine launches had no deployment problems. Three
of the launches experienced premature separations of the drogue chute
from the sonde housing (of which one launch had no deployment of the
main parachute). An extremely late deployment of the air tab and of the
drogue chute were problem areas incurred by the remaining 1auﬁch, although

these are not considered to be operational failures.

b. In general, the received dropsonde signal was noisy, erratic,

and had a marginal S/N ratio. RF signal dropouts and RFI also occurred.
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c. Four of the sondes had inoperable thermistors and one generated

a very noisy hygristor signal.

d. Due to the poor quality of the incoming signal, the RDSRU
processor was unable to process any of the dropsonde data during the
flights. Only the first launch was able to be processed in the labora-
tory, using the NAVAIRDEVCEN processing scheme described earlier. The
processed dropsonde data agrees very closely with the rawindsonde data,

except for a 10% offset in relative humidity in many instances.

e. As a result of cursory laboratory measurements, it is suspected
that the CAD launching of the dropsondes may create a shock force of
sufficient amplitude to induce a slight offset in the calibration of the
baroswitches. It is recommended that this effect be further investigated

if it is decided in the future to discard the CAPS sensor and return to

the baroswitch.

Several dropsonde design changes were recommended as a result of
this test. The main revisions were concentrated in the areas of poor
dropsonde signal reception, premature drogue chute and timer mechanism
deployment, and inoperable thermistor and hygristor sensors. A complete
1ist of the recommended design changes is given in table VIII. The
most important design revisions include: (1) a redesign of the dropsonde
antenna by NAVAIRDEVCEN to provide improved signal transmission, specif- .

ically, an improved impedance match of the SSQ-41A transmitter to the
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"hula-hoop" dropsonde antenna, (2) an alteration in the audio modulating

signal from a 100 us pulse to a 50% duty cycle for improved S/N ratio,

(3) the use of a stronger parachute cord, (4) a redesign of the release

latch lock spring to provide a more positive lock for the timer mechanism,

(5) the placing of a knot in the main cord to anchor the drogue chute
attachment, (6) the use of grommets in the slots that the nylon cord

passes through to reduce the possibility of cord breakage, (7) the

changing of the thermistor and hygristor mounts to permit easier instal-

lation and replacement of these sensors, and (8) the placing of the
thermistor-hygristor mount an additiomal 1 inch farther inside the sonde
housing to preclude any postlaunch damage from the plastic CAD plunger

disc.

4. WARREN GROVE DROPSONDE TEST (11 July 1978)

4.1 Objective

The objective of this test was to qualify the dropsonde air deploy-
ment mechanism, including the timer release, timer, and the drogue and
main parachute components, for aircraft laugches within the envelope
established for sonobuoys. In addition, a verification was necessary
of the recommended corrective mechanical design changes implemented into

the dropsonde as a result of the Key West test findings (refer to

table VIII).
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4.2 Test Setup

The test consisted of CAD launching nine electricélly inert drop-
sondes in sonobuoy launch containers from a Navy P-3C aircraft. Active
electronics were not included in the dropsondes since the test objective
was to qualify the deployment mechanism. However, the normal weight and

center of gravity of the dropsondes were maintained by utilizing ballast.

The test format consisted of launching dropsondes, one at a time,
from the aircraft at three distinct points on the launch envelope. The
first three dropsondes were dropped with an aircraft velocity of 200 kn,
the second three at 250 kn, and the final three at 330 kn, which was

maximum velocity. All launches were at an aircraft altitude of 1,000 ft.

The tasks of some of the ground personnel included observation of
each launch, with binoculars and with the naked eye, noting any irregu-
larities during a launch, measuring the time between the start of a
launch and the initial deploygent of the main parachute via a stopwatch,
and observing the location of the various deployment parts at ground
impact for retrieval and failure analysis purposes. In addition, a
communications truck was utilized for coordinating the launches with
the aircraft and two handheld cameras, one forward of and one to the
port side of the launch point, were used to photograph each launch.
Additional film coverage of the launches was provided on the aircraft by

a camera pod mounted on the starboard wing. After every third drop,
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further launches were suspended for approximately 15 minutes so that
the various parts of the previously launched dropsonde deployment mech~

anisms could be recovered and analyzed for damage.

4.3 Test Results

Tables IX (a), (b), and (c) describe the results of the nine
launches, including findings made by analyzing the recovered dropsonde
parts and by observing the films from the three separate cameras. These
tables also include deployment-related timing data, such as timer release
and drogue and main chute deployment, all of which were obtained from a
"stop-action" analysis of the films. Due to the thick underbrush at
the test site and the drifting of a few of the chutes at least a mile
away from the launch point, all of the deployment pieces were unable
to be recovered. Unfortunately, the main parachute for dropsonde No. 7
and the drogue chutes for units No. 8 and 9 were not found. These hard-
ware items would have aided in the determination of the exact causes
for the launch failures evidenced by these units and in determining cor-

rective action necessary.

In summary, five of the nine launches were satisfactory and had no
problems with the deployments or landings. Only one failure occurred
out of the six dropsondes launched at aircraft speeds of 250 kn or less.
This failure (dropsonde No. 3) was caused by the timer mechanism, which

failed to release and prevented the main chute from opening. Laboratory
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analysis determined that a burr on the sear arm of the timer mechanism
hindered the operation of the release cam, which releases the timer mech-

anism. This failure mode of the timer was repeated in the lab, but the

burr became more polished with each iteration.

All three of the dropsondes launched at the maximum aircraft veloc—-
ity (330 kn) experienced failures. Premature deployment of the drogue
chute, timer mechanism, and main chute occurred on dropsonde No. 7. The

main chute ripped away from the canister only 0.32 second after launch

and the chute lines were severed approximately 5 in. from the anchor

point. Subsequent lab tests showed that thumb pressure on the lever

nearest the sear could force the cam over the sear, causing premature

release of the timer. In additionm, the tensile strength of the main

chute lines may not be capable of handling the shock forces of parachute

inflation at this launch envelope point. The failures incurred in

dropsonde launches No. 8 and 9 were very similar to No. 7 in that the

drogue chute separated from the timer almost immediately after launch.

On No. 8, the remainder of the deployment sequence was normal, but on

No. 9, the timer mechanism and main chute deployed prematurely, within

one second after launch. One noteworthy item is that the timer mech-

anism sequence (on No. 8) and the main chute deployment (on No. 8 and

9) functioned properly without the drogue chute. It appears highly

probable that the drogue chute lines are unable to handle the forces

created by the maximum aircraft velocity and may need to be strengthened. .

8, damage was inflicted upon the 500 pound test

In addition, on No.
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bridle line, which was cut 10Z through at the grommet adjacent to the
Rhodes timing unit. This occurrence may have also contributed to the

separation of the drogue chute from the timer.

For the six dropsondes in which the timer mechanism functioned
properly, the times from air flap release to timer mechanism release
were 5.16, 4.98, 5.28, 4.68, 5.28, and 4.50 seconds, respectively, for
an average time of 4.98 segonds. This average, as well as all of the
individual launch times, is within the specification value of 5 +1 seconds

for main chute deployment.

4.4 Conclusions and Recommendations

In summary, five of the nine launches were satisfactory and had no
problems with the deployments or descents. Only one failure occurred
out of the six dropsondes launched at aircraft speeds of 250 kn or less.
All three of the dropsondes launched at the maximum aircraft velocity
(330 kn) experienced failures. All of the test failures can be related
to one or more of the following areas: (1) rough finished or improperly
polished parts in the timer mechanism, (2) marginal design tolerances
in the timer release hardware, and (3) marginal drogue and main parachute
shroud line strength at the upper end of the launch envelope. Table X
details the dropsonde design revisions recommended as corrective action
for these failures. The most important design changes included: (1)

deburring and polishing all sears and mating surfaces in the timer
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mechanism before assembly, (2) enlarging the sear engagement area in the
timer mechanism to prevent the cam plate from overriding the sear lever
and causing premature timer release, and (3) an improved attachment;
including the placement of a grommet, of the q:ogue chute to the bottom

of the timer mechanism.

From the results of this test, another dropsonde flight test to
verify the deployment cycle was recommended, with emphasis on the higher
aircraft speeds (300 kn or greater). The results of this test are dis-

cussed in the next section.

5. LAKEHURST DROPSONDE: TEST (6 September 1978)

5.1 Objective

The objective of this test was basically the same as that for the
Warren Grove drop test; i.e., to qualify the dropsonde air deployment
mechanism for aircraft launches within the envelope established for
sonobuoys. In additiomn, a verification was necessary of the recommended
corrective mechanical design changes implemented into the dropsonde as a

result of the Warren Grove test results.

5.2 Test Setup

With one exception, the test format, including the launching pro-

cedures and the personnel tasks, was identical to that of the Warren
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Grove test. The only exception was that the dropsondes were launched at
higher aircraft speed; during this test. For this test, dropsondes were
launched, one at a time, from the aircraft at four distinct points on the
launch envelope. The first two dropsondes were dropped with an aircraft
velocity of 275 knots, the second two at 300 knots, the third two at
325 knots, the next one at 345 knots, and the final two at 350 knots,
which was the P-3C's maximum velocity. All launches were at an aircraft
altitude of 1000 feet. 1In addition, after the second, fourth, and sixth
dropsondes were dropped, furthgr launches were suspended for approxi-
mately 15 minutes so that the various parts of the previously launéhed
dropsonde deployment mechanisms could be recovered and analyzed for

damage.

5.3 Test Results

In summary, five of the nine launches were satisfactory and had no

visible problems with the deployments or landings. The four failures

occurred at aircraft speeds of 275, 325, 345, and 350 knots, respectively.

The failure at 275 knots (launch No. 2) was caused by the jamming of the
timer mechanism in the sonde tube, resulting in the inability of the
timer to release and the failure of the main chute to deploy. In the
failure at 325 knots (launch No. 6), the main parachute deployed pre-
maturely, within 0.4 second after launch, and the main parachute bag
separated from the main chute and was unable to be recovered. However,

the main chute deployed successfully and a normal launch resulted. In
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launch No. 7, at 345 knots, only the drogue chute deployed. It was
subsequently found that the timer mechanism timed out, but did not
release. In the last failure, at 350 knots (launch No. 8), the tie line
snapped, releasing the drogue chute from the timer mechanism. Conse-
quently, the timer mechanism and main parachute did not release from the

sonde until moments before ground impact.

A detailed compiiation of the deployment results and postlaunch
findings is shown in tables XI(a) and (b). A tabulation of deployment
related timing events, such as timer release and main parachute deploy-
ment, is given in table XII. From the data in table XII, it can be
calculated that the average time for timer release (for the five launches
that had successful timer releases) was 5.37 s (which is within the
specification limit of 5 +1 s). This average inéludes the timer release
time for launch No. 8 (6.38 s), which was above the specification limit,
but does not include the release time (0.18 s) for launch No. 6, in which
the timer mechanism released prematurely. Based on data in table XII,
it can also be ascertained that the average time for the main chute to
fully open (for the four successful launches that have available data)
was 5.8 s (no specification limit exists). Table XII also indicates a
late wind flap release and drogue chute deployment for launch No. 8
and 9. All of the dropsonde hardware (the air tab, drogue chute and
its bag, main chute and its bag, timer mechanism, and cannister) was .

recovered, except for the air tab on drop No. 4 and the main parachute

bag on drop No. 6.
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The various stages of an actual dropsonde deployment are depicted
in figures 16 through 21. These photographs were extracted from the

aircraft and ground coverage motion picture films and are typical of all

normal drops, as substantiated by all previous drop test films. Figure 16

illustrates the release of the air tab and the initial deployment of the
drogue chute from the sonde housing as the dropsonde is being launched
from the P-3C aircraft. In figure 17 the drogue chute has completely
opened. Figure 18 depicts the release of the drogue chute, the timer
mechanism, and the main parachute bag from the main parachute and the
sonde housing. The full opening of the main chute is captured in

figure 19, along with the complete separation of the main chute from the
timer mechanism. In figure 20 the vertical descent of the sonde is

illustrated. Lastly, figure 21 depicts the sonde moments before ground

‘impact. Special note can be taken of the vertical nature of the sonde's

descent. In addition, the absolute sizes of the dropsonde and of the

main chute can be easily ascertained.

5.4 Conclusions and Recommendations

From the results of this test, it was concluded that the dropsonde
design was satisfactory for launching from aircraft at speeds up to
300 knots at 1000 feet of altitude. Three failures occurred out of the
five dropsondes launched at aircraft velocities of 325 knots or greater.
At velocities of 300 knots or less, only one of four sondes experienced

any failures. The two main causes of the deployment failures were in
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the areas of improper timer mechanism release and fraying of the 500 pound
test line. It was recommended that the design changes to the timer mech-

anism listed in table XIII be implemented to greatly reduce these problems.

6. CAPE HATTERAS DROPSONDE TEST (8 September 1978)

6.1 Objective

The objective of this test was to verify the RF strength and the
integrity of the transmitted dropsonde signal and to employ near real-
time data reduction of this signal, utilizing a Bendix RDSRU processor.
Successful test results would validate the post-Key West improvements
implemented into the antenna-transmitter subsystem, which will be

described subsequently.

6.2 Test Setup

The subject dropsonde test consisted of CAD launching five elec-
trically active dropsondes in sonébuoy launchbcontainers from a Navy
P-3C aircraft. The test format consisted of launching dropsondes, one
at a time, from the aircraft at an altitude of 14,500 feet and an
aircraft speed of 200 knots. In addition, the aircraft remained within

25 miles of each launch point so that dropsonde signal reception could

be maintained.
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The tasks onboard the aircraft consisted of recording the dropsonde
data with an AQH-4 tape recorder, monitoring the signal levels with an
oscilloscope and an ARR-72 receiver signal strength meter, and taking
photographs of the incoming signal from the oscilloscope display.
Pressure calibration data and other parameters were also input into the
RDSRU processor between drops. These data were evaluated after data
collection. In addition, the dropsonde deployments were photographed
through the utilization of a high speed (200 frames/s) camera mounted on
wing station 13. Table XIV details the launch conditions and the deploy-
ment times for the five launches. As an aid to the data collection and
processing, a combined test was arranged with the weather station at
Cape Hatteras té launch a radiosonde at 1100 and 1300 local time (EDT)

for data comparison purposes.

Prior to the actual drops at Cape Hatteras, extemnsive laboratory
tests were conducted at JMR Systems Corporation to determine whether all
of the five sondes met thebspecification requirements. Tests that were
performed included verifying the commutation rate, sensor resistance
values, oscillator performance, and RF performance, including frequency,
power output, and deviation. Calibration of all of the baroswitches was

also accomplished on the day prior to the drops.

Furthermore, the antenna-transmitter subsystem of these sondes were

subjected to extensive testing at NAVAIRDEVCEN. These five sondes were

optimally tuned in the laboratory, using an improved simplified transmitter
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board tuning procedure that utilized a maximum power, rather than mini-
mum current, technique. More detailed information concerning this
tuning procedure can be found in reference (b). In addition, the RF .
strength of the sondes was measured at the NAVAIRDEVCEN antenna range.
Refinements in the antenna design, specifically a modification of its
actual dimensions and the establishment of an improved grounding point,
were also developed. However, these refinements were not able to be
implemented into the five sondes to be tested, since they had already
arrived with the former antenna design. The 110 preproduction drop-

sondes will be implemented with the new antenna design.

6.3 Test Results

All five of the dropsonde launches were successful in the areas of
mechanical deployment and RF and data transmission. There were no
problems in the deployments of the dropsondes and the transmitted drop-
sonde signal was received almost immediately after launch. The received
dropsonde signal was very clean, had sufficient amplitude, and was judged
to be of the highest quality to date during any field test. The RF
signal strength was at the maximum level on the ARR-72 receiver indi-
cators and fading of the signal only occurred on the first launch,
during which occasional noise bursts and signal dropout occurred.

Table XV summarizes the received signal information for each launch -
and contains additional information pertaining to local atmospheric

conditions during the flight and the dropsonde sensor calibration

resistances.
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The received signal more resembled a sinusoidal wave rather than
the usual square wave and did contain occasional ringing. A subsequent
investigation showed that these effects were created by the bandpass
filters in the aircraft sonobuoy interconnection box, which is preceded
by the audio switching assembly and the ARR-72 sonobuoy receivers. To
resolve this problem, it has been decided to replace the audio switching
assembly and the sonobuoy interconnection box with a presently used tape
amplifier box, a RASP switching and systems indication assembly box, and
possibly a better designed bandpass filter, all of which will precede
the RASP processor. Figure 22 is a block diagram of this proposed
aircraft configuration.

Laboratory photographs of the received dropsonde signal taken from a
Honeywell 7600 tape recorder output are depicted in figures 23 through 26.
The ringing of the signal can be viewed in figures 23 and 24, which
represent drop No. 4 and 2, respectively. The sinusoidal nature of the
received signal is illustrated in figure 25, which was acquired from the
initial launch. The final photograph, figure 26 (drop No. 5), depicts
the commutation from one data parameter to another. Even though the
integrity and the amplitude of the received dropsonde signal was very
good, only one satisfactory data run (drop No. 5) was generated onboard
the aircraft utilizing the Bendix RDSRU processor. The remaining four
RDSRU data runs were affected by misalignments of the pressure table
that led to an excess of unidentifiable contacts. The RDSRU processor

was only capable of producing two data cycles of information (800 ms
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total) for the first launch and could only output reference frequency,
temperature, pressure, ard humidity period data as a function of time
‘for the middle three launches. A subsequen£ attempt was made in the
laboratory to process the first four launcﬁes, using the tape recorded
data, an amplifier, bandpass filter, and the RDSRU processor, but no
improvement in the processing capability was attained. Since a current
development effort is ongoing to improve the capabilities of the RDSRU
processor (namely, thg RASP processor), the inability of the Bendix
RDSRU to properly process this data is considered to have negligible

impact on the dropsonde program.

Table XVI illustrates the aircraft processed data output for
launch No. 5 (sonde No. 15). It can be seen from the top portiom of
table XVi that the RDSRU reported five unidentifiable contacts for this
launch. The last unidentifiable contact occurred at the bottom end of
the data dump, at a pressure of approximately 812 mbar. Since the RDSRU
can only calculate and display valid data from the water surface to the
location of the last unidentifiable contact, only about half of the total
data from this launch was displayed by the RDSRU. Pressure values (in
mbar), temperature (in ° c¢), humidity (in % of relative humidity), and
M and N refractivity units are-also presented in table XVI as a function
of altitude (in meters). The M units are only displayed at the beginning

and the end of the data output.

Table XVII represents a portion of the RDSRU data dump of period

information for the four parameters (reference frequency R, temperature T,
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pressure P, and humidity H) as a function of time for sonde No. 15.

This period data is used in various algorithﬁs in the RDSRU for computa-
tion of temperature, humidity, M and N units, and altitude. The circled
data points in tables XVI and XVII are "wild" temperature values that will
be explained in section 6.4. In addition, for the last drop (sonde No. 15),
the processor displayed and classified abnormal refractivity conditions
and listed the M unit values and altitudes at the boundaries of each
refractivity gradient, as shown in table XVIII. Lastly, an example of
the launch conditions information and the baroswitch calibration data
that is input into the RDSRU processor prior to a dropsonde launching is

illustrated in table XIX.

An analysis of the films from the aircraft camera on wing station 13
showed a normal deployment for the dropsondes, except for a delay in the
release of the air tabs (wind flaps) in launches 2, 3, and 4. It took
0.78, 0.50, 0.22, and 0.04 seconds, respectively, for the air tabs to
release from the sonde tube in launches 2 through 5, respectively. The
initial launch was unable to be captured on film due to a misunderstanding
of the drop sequence. It is believed that the variance in the air tab
delays are due to the orientation of the sondes in the sonobuoy launch
containers and their orientation in relation to the resultant air stream

direction upon launch. These delays should pose no operational problems.

The total drop times (min:s) for each launch from aircraft ejection

to splashdown were 6:34, 7:10, 6:12, 6:43, and 7:05, with an average
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deployment time of 6 minutes and 45 seconds. The initial launch was at
an aircraft altitude of 15,000 feet and the remainder of the launches

were at 14,500 feet.

6.4 TLaboratory Data Processing

The laboratory processing setup of the tape recorded data was
identical to that previously mentioned in the Key West dropsonde test
section of this report and in appendix A for the algorithms that were
used. A compilation of the individual data points for temperature,
relative humidity, and M and N refractivity units as a function of
altitude is given in tables XX through XXIV for sonde No. 11 to 15
(launch No. 1 to 5), respectively. Figures 27 through 31 are graphs of
this same meteorological data versus altitude for sonde No. 11 through
15, respectively. A comparison of these graphs reveals an excellent
similarity among all five launches for the four meteorological param-
eters. In addition, the end points of the processed temperature data
agree very well with the surface and launch altitude air temperatures

of 27° C and 5° C, respectively, measured during the flight.

The rawindsonde data that was supplied by the National Weather
Service and the calculation of M and N units from this data is illus-
trated in graphical form in figures 32 and 33 and in tabular form in
tables XXV and XXVI. Due to the close time proximity of the launches of

the first rawindsonde and dropsonde No. 11, and the second rawindsonde
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and sonde No. 15, respectively, a comparison can be made of the four
meteorological parameters (temperature, relative humidity, M units, and
N units) for each rawindsonde and its correspénding dropsonde. These
data are shown in figures 34 through 43. It can be seen that the drop-
sonde and rawindsonde data agree very closely, except for an offset in
humidity in several instances. A strong correlation exists between the
temperature data, although the rawindsonde data is, in generai, approxi-
mately 1° C higher that the dropsonde data. The humi&ityvand temperature
data can.be safely discounted for approximately the first 1000 feet of
the launch because the sensors need a finite time period to stabilize in
the atmospheric environment after being stored in the low humidity, warm
temperature environment of the launching aircraft. Lastly, a comparison
of the ultimate output, M and N units, demonstrates an extremely close

match between the rawindsonde and dropsonde data.

It can be seen from a comparison of the data that, in many cases,
the dropsonde relative humidity data is as much as 10% greater than the
corresponding rawindsonde data, especially for dropsonde No. 15.
However, it can be seen that the relative shape of the humidity curves
is very similar. Three possible reasons may account for this 107%
offset. First, due to the inherent properties of the hygristor, an
offset of as much as 5-67 may exist between two different hygristors
measuring identical atmospheric conditions. Secondly, a 13-mile differ-
ence in the rawindsonde and dropsonde launch points existed {confirmed

by the fact that the P-3C launching aircraft used a visual fix on the
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Diamond Shoals east of Cape Hétteras to launch each dropsonde within a
1/4-mile radius of each other). As a result, the humidity conditioms
measured by the rawindsonde and dropsonde hygristors may have differed
enough to account for this offset, considering that relative humidity
may be quite inhomogeneous near a land-sea interface. Thirdly, since
stratified vapor layers existed during the day of testing (nearly all of
the humidity data is less than 807 RH), the presence of wind shears in
the atmosphere could cause these vapor layers to change gradually with
time. Tables XXVII and XXVIII present the wind information measured by
the two rawindsondes. The data shows that wind shears as great as

20-25 knots from 7000 to 18,000 feet occurred during the day of testing.
Further substantiation of this wind shear argument is augmented by the
temporal variation of humidity when a comparison is made of only the
rawindsonde humidity data against itself or of only the dropsonde
humidity data against itself. However, the general shape of the humid-

ity curves does not change.

6.5 Bendix RDSRU Data Processing

An analysis of the parameter period data (refer to table XVII) that
the RDSRU generated during the flight for the last launch was made using
the NAVAIRDEVCEN processing algorithms previously described. This
period data was utilized to determine the corresponding pressure contacts
and was used in the aforementioned algorithms to generate the graphs of

temperature, relative humidity, and M and N units versus altitude depicted
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in figure 44. A detailed listing of the individual parameter values is
given in table XXIX. An inspection of the temperature and M and N units
graphs reveals an anomaly at 4000 feet, corresponding to the circled
temperature period point in table XVII and the circled temperature values
in tables XVI and XXIX. Since this period value is approximately 77
less than the expected value, it is suspected ;hat during the latter
portion of the sampling period (10 cycles) for the temperature parameter,
a noise spike in the received sonde data generated a false input to the
zero crossings detegtor, resulting in an inaccurate temperature period
value (higher frequency -- shorter period). If this explanation is
indeed factual, then it should be apparent that the Bendix RDSRU and its
replacement, the RASP, should possess a data validation and noise rejec-

tion capability.

It can be'seen that the graphs (figure 44) of the RDSRU data
generated in the aircraft, but processed with the NAVAIRDEVCEN algorithms,
agree closely with the corresponding dropsonde No. 15 graphs (figure 31)
generated by the NAVAIRDEVCEN processing scheme, except, of course, for
the data anomaly at 4000 feet. This RDSRU data also agrees with the

RDSRU data dump during the flight (table XVI).

Subsequent to the flight, attempts were made in the laboratory to
process the sonde tape recorded data through the Bendix RDSRU processor,
utilizing a Hewlett-Packard 467A variable power amplifier and an SKL

bandpass filter (20-2000 Hz) between the Honeywell 7600 tape recorder and
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the processor. Again, the only successful run was with sonde No. 15,
which concurs with the aircraft flight processing results, and no
unidentifiable contacts were reported by the RDSRU. Tables XXX, XXXI,
and XXXII are listings of the actual processor outputs including the
parameter values versus altitude, the flagged gradients, and the param-—
etef period data versus processing time, respectively. It should be
mentioned that the pressures listed in table XXX are slightly incorrect
because the wrong baroswitch calibration data was entered into the

- processor. An estimated, rather than the actual, surface pressure was
actually used by the processor. The rawindsonde data containing the
true surface pressure was later received from the Cape Hatteras Weather
Station. ‘However, the Bendix processor output data in table XXX agree
well, in a large number of cases, with the data in table XXIV for sonde
No. 15 that used the NAVAIRDEVCEN processing scheme. A side-by-side
comparison of the data in table XXX versus the data in table XXIV is

given in table XXXITI.

The period data generated in the laboratory by the Bendix RDSRU
for sonde No. 15 (table XXXII) was then input into the NAVAIRDEVCEN
processing scheme, the results of which are given in graphical form in
figure 45 and in tabular form in table XXXIV. Figures 46 through 50
depict temperature, relative humidity, and M and N units comparison
plots of the Bendix RDSRU data (in table XXXIV) as a function of the
data generated for dropsonde No. 15 (see figure 31) by exclusive use of

the NAVAIRDEVCEN processing setup. It can be seen from the comparison

50



NADC-79194-30

plots that, when subjected to the same algorithms, the period data
generated by the RDSRU can produce meteorological data that is almost
identical to meteorological data produced from periodvvalues that are
generated and averaged by the more e;aborate NAVAIRDEVCEN processing
setup. Slight differences in the humidity graph (figure 47) and conse-
quently, the M and N units graphs (figures 48 through 50), are apparent.
These discrepancies are a result of fhe NAVAIRDEVCEN data being more
accurate because an average of six of the parameter values around a
pressure contact is performed with the NAVAIRDEVCEN data.  Averaging
cannot be done with the Bendix RDSRU generated data, since only omne
period value of each parameter is output by the RDSRU at any pressure
contact. As a result, the location of and the M units deficit of the

refractivity ducts is slightly different in the comparison plots.

6.6 Conclusions and Recommendations

The following conclusions were drawn from an indepth evaluation and

analysis of onsite data, aircraft films, and laboratory data processing:

a. All five of the dropsonde launches were successful in the areas

of deployment and RF and data transmission.

b. The received dropsonde signal in all launches was judged to be
of the highest quality to date during any field test, specifically in the

area of RF signal strength.
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c. The received dropsonde signal more resembled a sinusoidal wave
rather than the anticipated square wave and did contain some ringing.
These problems were subsequently traced to the bandpass filters in the
P-3C sonobuoy interconnection box, which will be replaced with an improved

system.

d. Only one satisfactory data run was made during the test omboard
the P-3C aircraft utilizing the Bendix RDSRU processor. One of the

temperature data points generated by the RDSRU was in error by 10° C.

e. Satisfactory data runs of the five launches were subsequently
compiled in the laboratory with the use of a sophisticated processing
scheme. The data agreed very well with the corresponding rawindsonde

data, except for an offset in humidity in several instances.

f. A satisfactory data run was performed in the laboratory with
the RDSRU processor, utilizing a power amplifier and a bandpass filter
between the tape recorder output and the RDSRU input. The RDSRU-generated
period data for each parameter was then input to the algorithms used in
the NAVAIRDEVCEN processing scheme and atmospheric data plots were produced.
A comparison of these RDSRU plots with the atmospheric data plots for the
same launch generated solely by the NAVAIRDEVCEN processing setup demon-

strated an excellent matchup of temperature, humidity, and M and N units.
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Based on the successful outcome of this test, no major subsystem
redesign to the dropsonde sensor is needed. However, as a result of all
of the test findings to date, the following design modifications will be

incorporated into the dropsonde for the 110 preproduction units:
a. Modification to antenna design
b. Improved transmitter board tuning procedure

c. Honeywell CAPS electronics package to replace the baroswitch

and its related components and circuitry

d. Allowance for Honeywell component package to be plugged in as a

last assembly procedure

e. Deeper recession of the sensors in the housing package for

 greater protection during launching conditions

f. Temporary protective cover to be placed over the sensors

section for added protection during shipping and handling

The following design changes should be made to future carry-on drop~

sonde processors:

a. A data validation and noise rejection capability to verify

received data and reject unwanted data
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b. A data averaging technique to eliminate the adverse effects of
any "wild" data points and to ultimately provide a more accurate data

output

7. OVERALL PROGRAM CONCLUSIONS AND RECOMMENDATIONS

From a mechanical and an electrical standpoint, the dropsonde is
ready to proceed into the preproduction and TECHEVAL phases of the
program. It can be concluded, from the results of both the Lakehurst
and Warren Grove tests, that the deployment related design problems
have been identified and corrected, and the mechanical design risks
minimized (up to aircraft velocities of 300 knots). The successful
outcome of the Cape Hatteras test demonstrated that the RF and elec-
trical problems identified during the Key West test have been corrected.
It can be safely concluded, then, that the RF and electrical problems
have been identified and that electrical type design risks have been
minimized. TFurthermore, deficiencies in the RDSRU processor that were
identified during the Cape Hatteras test dictate the need for data
validation, noise rejection, and data averaging capabilities to be
implemented into future dropsonde processors, specifically the RASP

processor.
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Lata sample

"FIGURE 9. Received Audio Signal from
Key West Sonde No. 1

FIGURE 10. Expanded View of Audio Signal
from Key West Sonde No. 1
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o
FIGURE 11.

Commutation of Two Successive Data Samples
from Key West Sonde No. 1
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g < 4
Ne Thermistor H ‘/3.“"5#"“
Sigaa) Signa

FIGURE'lZ. Defective Audio Signal from
Key West Sonde No. 3

-

FIGURE 13. Noise Spikes in Hygristor Signal
of Key West Sonde No. 3
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Reference 'Ne temp. Pressure Humidity
Signal date Signel Signal

FIGURE 14. Missing Thermistor Signal in Key West
Sonde No. 4

~<
-~

Reference Signal ¢ Thermistor Sig 14!4#

FIGURE 15. Expanded View of Missing Thermistor Signal
from Key West Sonde No. 4
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Figure 16 - Air Tab Release from Dropsonde Housing

Figure 17 - Full Deployment of Drogue Parachute
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Figure 18 - Separation of Main Parachute from Timer Mechanism

Figure 19 - Full Deployment of Main Parachute
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Figure 20 - Vertical Dropsonde Descent

Figure 21 - Dropsonde Descent at Ground Impact
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FIGURE 23. Dropsonde Signal Ringing Phenomena at Cape Hatteras

7

FIGURE 24. Comparative View of Signal Ringing
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FIGURE 25. Sinusoidal Nature of Received Sonde Signal

FIGURE 26. Typical Data Parameter Commutation
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s ALTITUDE TEMM HUHIDITY I H
faet dEE, o # units uriithe
; 2 123048 15,94 2&
&4T7 .8 11551 Sedl I0
ATALH 11407 3,448
&565,8 11282 4,47
&74,8 10909 4,88
&H84,0 108481 S 32
HF3. 2 10218 LN
?0248 QHNE S 55
711.8 PH35 7,76
FILE LFE g.16
FI0LG 3858 8.27
40,2 mELR 7By &
749,4 3174 7,94 .
TEY, 3 FE49 At &
7HP,0 7E20 B,02 ; =
778.8 7194 3,%9 7 =
788.,0 6877 D, 05 2 =
78,2 &5 2.7C 7 =
B307.8 10,50 4 1)
B17.8 11,82 b2 534
8E7,8 12.324 48 &
BI7.4 12,82 4% =
547,48 13,18 &2 27 5
857.8 13,59 74 284 S04
3878 13,44 83 294 501
a78.2 3789 14,11 g4 200 ,
g£83.4 3471 14,84 aa 3G7
298B.4 33469 15,98 a7 31z
209.0 3057 16,47 84 314
19,4 2743 739 34 319
28,8 2472 17.91 B5 324
F40,4 21324 18,42 a1 o)
51,0 1828 17,24 21 331 % -1 7
&l b 1524 19,486 Eé 341 14 ~31
72,4 1218 20,27 20 350 AuE -8
PE3.0 F20 214146 aé 82 374 -8
Fos, 3 H03 21.%7 25 2E7 287 -1
04,8 31T 22,81 23 260 273 -
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KEY WEST RAWINDSONDEILAT.Z24 des 39 min NyLONG.21 des 42 min W

LAUMNCH DATEIQ2/14778 LAUNCH TIME 1931033002

SURFACE FPRESSURE=101S

FRESS. ALTITUDE TEHF . HUMIDITY M il GRaL,

mi feet deg.c arh umits units HALDOO TL.

540,0 12230 2420 o5 200 Faa 0,00
&50.0 11854 3.+40 44 200 759 1,00
&&1 L0 11429 2,80 49 205 7E3 -12.11
571 .0 11045 4,30 44 206 736 ~2,1%
HB2.0 10428 5,30 24 201 711 12.17
693,90 10217 A.+40 14 199 AF0 3.32
704,0 o211 7440 14 202 &73 -&418
715,0 2410 7+70 13 204 454 -&,08
720,90 8372 7 50 14 211 &37 ~-13,04
742.0 8447 7+50 30 220 aH2é -1, 30
752%,0 8043 7430 19 218 &H05 &84
7&5,0 7448 83.70 18 221 88 -&,81
777 .0 7240 7,00 24 227 575 -15.,20
791.,0 &7 69 2,30 45 242 H5&T7 ~32.59
803.0 6371 10,40 51 250 556 -18.,7%5
815.,0 5978 11,50 49 253 540 ~-8.45
82740 5589 12,20 &4 2867 S35 -34,57
B33%,0 5205 2,80 70 275 525 ~-22.412
855.0 4700 13.70 72 283 08 -14,80
84&7.,0 4326 14,30 74 270 498 -12,23
8R0.0 3925 14,60 g1 298 487 -20.80
893.0 3530 15,80 823 307 474 -21.84
P06.0 2139 16,70 79 310 440 -4, 82
921.,0 2693 17420 76 214 443 -2.74
35,0 2283 17.70 76 3ig 427 -8,78
g48.0 1906 19,10 76 325 417 -20.,02
61,0 1533 20,00 83 337 412 -
75,0 1137 20.%90 85 348 402 -23.11
92,0 461 22.80 20 335 287 -14,50
10046,0 274 25,00 75 361 375 -16.89
1014.0 0 26,40 71 365 245 -14,30

TABLE VII - KEY WEST RAWINDSONDE METEOROLOGICAL DATA
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TABLE VIII

DROPSONDE DESIGN MODIFICATIONS RECOMMENDED FROM KEY WEST TEST RESULIS

TIMER MECHANISM

1. Machined parts. All sharp edges were removed from machined
parts in timer mechanism.

2. Grommets placed in slots that nylon rope passes through.

3. Redesigned release latch lock spring to allow more positive
lock.

4, Sear redesigned, positively coupled to timer.

5. Knot tied in main cord to anchor drogue parachute attachment
at centerpoint of line.

6. Government specification 500# test nylon parachute cord
utilized in place of conventional type 500# test cord.

7. Spring (airstream release) was replaced with a heavier spring.

CANNISTER HOUSING

Criss-crossed wax nylon cord attached to end of dropsonde above
sensors.

ANTENNA HOUSING

1. Edges of fiberglass antenna housing were rounded to prevent
the possibility of parachute line being severed.

2. 1/2 in. water drain holes placed around base diameter of
antenna housing.

3. Antenna design changed by NADC revision (1)

ANTENNA PLATFORM

1. Battery plug moisture cover installed. Cam on battery plug
redesigned to work w/moisture cover.

2. O-ring seal placed around antenna platform for seal between
it and housing cannister.
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TABLE VIII (cont)

INSTRUMENT PACKAGE

1. 50% duty cycle incorporated in transmitter.
2. Hygristor mount changed to allow easier installation
without distortion.
3. Thermistor mount changed to tubelets with accessible
solder points to allow replacement in field.
4, Recess sensor mount 1 inch further into sonde tube.
SAFETY COVER

Design changed to allow easier removal.
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TABLE X

DROPSONDE DESIGN MODIFICATIONS RECOMMENDED FROM
WARREN GROVE TEST RESULTS

TIMER MECHANISM

1.

Timer - removed raised section of timer cam by stoning to
insure smooth operation of timer.

Timer - place flat washer under each leg of standoffs to

insure stability‘in baseplate holes, also to increase tolerance
between baseplate and timer cam lever pin.

Rélease Plate - removed all rough edges and burrs in notched
area.

Sear - elongate existing hole, such that it prevents any

main spring pressure, transmitting through to timer cam pin.
Remove all burrs.

Nylon Cord - tie knot in main line on bottom of timer to allow
more space for drogue chute and a more positive attachment
should line be severed.

The use of square knot and a half hitch for more secure

joining of two ends of lines.

Battery Plug Line - will be tied off to drogue chute and
through drogue chute restraining knot in main timer line, in
the event of drogue chute separation, battery would be energized
by escapement of timer unit.

Drogue Chute - a grommet will be placed in loops at attachment
point of drogue chute with main timer line being passed through
grommet, to cushion shock of Q-force and increase radius of

curve around timer line.
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TABLE XIII
TIMER MECHANISM DESIGN MODIFICATIONS RECOMMENDED
FROM LAKEHURST TEST RESULTS »
a. Release latch fingers extended vertically approximately 1/4 inch.

This provides a stop if all dogs are not locked in place.

b. Cover plate slots shape will be changed to allow conformal fit
with grommets (to reduce fraying of 500 1b test line).

c. Timer set indicator redesigned for more stable attachment.

d. Flat head screw utilized in top plate to secure latch spring
stud in place of present round head.

e. Rivets in place of flat head screws to secure wing to cover plate.

£. Sear mount raised and sear tip lengthened (to prevent premature
release of timer mechanism).
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TABLE XVI

15

P-3C METEOROLOGICAL DATA OUTPUT FROM BENDIX RDSRU FOR SONDE NO.
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TABLE XVII

RDSRU GENERATED PERIOD VALUES ABOARD P-3C FOR SONDE NO.
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TABLE XVIII

RDSRU REFRACTIVITY LAYER DATA OUTPUT ABOARD P-3C FOR SONDE NO.15
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TYPICAL PRELAUNCH RDSRU INPUT DATA
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NADC-79194-30
TABLE XX

NAVAIRDEVCEN PROCESSED METEOROLOGICAL DATA FOR SONDE NO. 11

LET O 3E des 0% min He LOHEG FE odes 18 min W

[
-

SLTITUDE TEMF., HUMIDITY M t GRa&t.

min faat EE s O “rh uriits il T MALOGO TL,
& La4E&E 12,42 3 177 a9t 0,00
Y 14513 4,11 32 17% 875 -4, 38
4 14157 -Q,18 47 183 8453 -12,41
& LAB0ER -, 73 523 187 s4% ~10, 34
& 13440 -0+ 30 ag 171 835 ~11.:54
] LAGER Go&é &2 195 524 -1Z.18
i L2723 1,44 A 178 S0 -8,.22
2 L2ZE3 2,132 A3 202 7o —-S, 72
L 5 12022 F.17 &2 205 a2 -, Q1
& 11678 4,18 &2 208 7aEE -F,00
2.8 11321 5,02 59 210 FEE -4, 02
1.8 L0974 5,87 &3 215 P -14,88
aal. 2 10820 N &3 21& 728 -5, B2

&90, 2 10283 7,42 55 218 712 L.434 o
APY . B POIEE 2.30 5E 222 &5 -10,463
708.8 PEY7 T.43 a5 225 L34 -10,27
718,0 DRES 10,40 S0 224 &71 —-2sél
7E5. 4 5999 10.87 49 228 A&Q -5 54
P3I7,0 2585 2+40 27 218 &30 23,84
744,48 R247 2,98 28 222 H18 -11,30
7E54.4 7RO7 13.80 2 225 &04 -8,73
FESLO FET A 14,3 27 227 521 b &3
7D 6 7249 135,30 28 231 7Y -11.,53
7EE,Z 5225 146,25 27 233 Sé&h -7.02
794,82 HEDY 17,04 24 o3 =5E0 QA4
504,46 AHZ2B0 17.63 21 234 538 -2414
Gl14.8 S744& 18,33 2 238 S22 -8.3
324, 4 D628 12,06 26 244 514 ~22,17
834,46 2307 17 .47 48 28& 20 -&8, &8
244, 4 47859 751 =3 272 512 ~20.51
RE4,8 A&&E 17,481 &3 2e5 RO -38,3&
BAT.0 4350 17.97 71 2595 504 ~3Z,40
B874.,8 4047 18,43 74 02 494 ~323,048
BER, 2 3728 19.:54 &8 302 481 28
g5, 4 3419 20,52 &4 303 447 -4, A7
FOH. & 113 20,88 a5 208 458 -14,88
S15.8 2809 21,49 53 210 445 -5, 34
A, 2 2EQD 22,24 2 314 3434 ~13.78
FELHL S 2i98 22,92 &2 319 425 ~-15,47
a7, 2 1891 23.2% &3 234 415 ~17 .30

GEHTL.E 1584 24,25 &2 227 405 -t

AR A 1279 2,03 &1 333 374 -11.,4&7
P70 T84 25,449 &G 337 IEa ~13,25
FE 0, 0 &7E AT 241 374 -15,74
1000,8 379 30 373 37l -1048,1%
1011.0 77 22 Ig0 225 —3d, 448
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TABLE XXII

NAVATIRDEVCEN PROCESSED METEOROLOGICAL DATA FOR SONDE NO. 13

L0144 SONDE e
R T \
R HUMIDI N 4

i
¥

3

Mo uriits L

1
3
-

]

1aléé 4,16 = 0,00
13822 0,97 3¢ & =10, A3
13481 0,30 A& & ~20.18
13153 G.53 &7 SE8 —&, 30
1282¢ 1,36 72 21& -13.,55
12488 2410 7 e =03 =%, 88
12172 3,14 7E & 72 ~10,28
i : .82 72 211 o -8 57
11148 S3,55 a4 214 ; &, 03
10840 &a51 51 731 .41
IRE23 7,58 54 & 721 S.17
FE 10Z0d 243 &3 e 714 -4, 14
Fol.2 THET4 Pela 43 7 &FX 15,11
FLo,0 54 F470 21 3 &71 20,24
Fig.é PRSI 10,59 30 215 &3 ~&. 7 &
FE7 A 8719 11440 30 217 A45 -7 52
74,4 BEOA 12,43 3D ‘ 433 ~10.10
745,49 2287 13,09 30 &2l ~8, 48
754,04 7IEY 13.88& 3 A0F -7, 95
FhEZ. 5 FLEE 14,48 20 374 -4, 81
F7PE.8 7344 15,04 31 S84 -11.34
FEZ.0 7033 15,77 31 -5, 08
FRG. & &7 44 1&.84 29 -3, 55
BE0, 0 &432 17,56 -4, 48
B0%.2 &a12% 18,23 4,29
318, 4 5822 ig.11 -25.,58
28,0 3517 17445 -80,83
237.4 2211 17,40 —~2&, 4%
247, G713 779 -3.07
254, 4 4418 18,132 7
BAHS .0 4317 18.68 FI
875 4428 19,34 i
Qas, A7E8 12,80
74 37 20
4,4 49 20 74
4,2 Sé 21 -10, 71
4,7 1 2% -17, 05
74 23 -13
3 23 ~10
1 2 ~ ~14
bl 23 -1&
& 2é -
o 24 ; -11
7 2 375 "
8 264 375

125




NADC-79194~30
TABLE XXIII

" NAVAIRDEVCEN PROCESSED METEOROLOGICAL DATA FOR SONDE NO. 14
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TABLE XXIV

NAVAIRDEVCEN PROCESSED METEOROLOGICAL DATA FOR SONDE NO. 15

CAPE HATTERAST LONG, 35 des 09 min N LAT. 735 deg 18 min W

LALUNCH DATEIQF/08/78 LAUNCH TIME L13102018(ELT)  SPLASH TIME 133091323 (EDT

SURFACE PRESSURE(mbI=1014.4 SOMDE MNUMBER 15

FRESS. ALTITUDE TEMF ., HUMIDITY M M GRAT.
i feet deg.c “Thn units uriits NAIOGO 1.
592.4 14157 D25 34 120 359 0,00
600,64 13813 0,94 43 134 847 -12.:54
&09. 4 13448 0+36 a3 190 235 -14,97
418.0 13094 0,70 &1 1925 223 -14,51
&5246.8 12739 1.31 &3 193 210 -%,71
&34H,0 12371 1,95 &4 202 7G4 ~F 4, 35
444,46 12030 2479 &4 20& 783 ~-11,84
4553, 4 11&8% 3,88 &3 208 7869 -&,71
&2, 8 11329 4,91 &1 211 754 —-&, 48
A471.4 10992 .82 o5 211 73% -2, 75
A80. 4 10651 ‘ 4,83 a1 213 724 -4 ,5%
LT, 4 10304 7.87 42 215 710 &, QD
£98.8 P744 8.87 43 218 AF7 -%,04
708,23 2?4819 2,463 a4 225 A37 -19,08
71746 278 10,17 44 223 4T 4,48
727.2 3932 10,76 28 214 645 2184
7346: 4 8404 11,71 28 212 632 -8,30
74464 2 8261 12,47 28 221 &18 -7+33
75,2 7748 13.28 27 223 A0S -5 4,932
785,2 74603 14,07 27 224 571 -3,53
774.8 727 14.388 26 229 578 -7.+48
784.8 &£938 15,49 28 233 66 -13.41
7724.0 H631 146.04 27 235 354 -& 34
803.4 6313 16.79 21 233 5348 &, 00
813.4 9992 16,96 25 239 ) -146.,89
B823.,8 54654 146,80 40 255 524 -34,71
234,2 5320 16,56 &4 277 532 -&7.16
244,4 4995 18,57 71 286 325 -24,08
854, 4 44680 17.05 75 293 1€ —-24,463
844, 4 4342 17.47 79 200 =10 -21 .49
B74.6 4053 17,93 g0 204 00 -17,93
884,46 3747 18,461 77 3208 487 -5,90
8375.,2 3425 17.43 73 309 473 -3, 70
PAVI) 3113 20,28 &7 208 454 084
15,4 2813 21.20 &8 318 450 -20,21
P&, 2 2502 21,76 &9 321 441 -19,50
P35+ 6 2198 22,35 Hé 322 427 -4, 13
48,2 18862 23,06 &é 327 416 -14,95
PE7 .8 1592 23,72 &5 332 408 -18, 33
FEEB 2 1270 24,70 &2 334 374 -4, 18
279,0 B4 25,20 &2 338 385 ~12.28
729, 4 HF5 25,88 A2 343 374 -17485
1000, 4 285 26,12 75 3465 383 -F1. 2%
1011.2 23 26,15 82 375 382 ~-43, 74
1¢18.1 -25 2&, 40 g2 382 z7g -25, 24

127




> ’
MRS R R A A I TR R B AR ] NI o B TR S 2 SO AP S IR S RS Al A R I & U ol s B S ORI~ AR S R i T
RIS BN R L I B I IR B B A A O ol S s B o0 B £ T A 3 A A I I £ O A RSN
- - - k. - 3 -~ -+ - - > » -~ - + -+ - -* > * * > Ed - -~ -~ l
E SRR IR S IS IS B o o R M SN AN € SN A LN S I SN IS U o B A B T B G RS
[N S T T S R B B | [ i | I T B B TR R SRR B I A S B i .
I B B | H
st
R —i 3 R IR A I A BT ol T X By ML S AT 13 3 AU A I T IR R 4 6 IR T
F.oord 4G LA R T B M A S e Y 5 L Rl L B e B A I B B
i RO O A 4 A R R A R I T 0 A R L SR T B IR T B T P I T R
o
By FIR AT L s ol T Gt P PN Ui D U O 0 WD 00 QT W (RIS N A B AN UG
i 0 O O O O O 0D 0D T D D vt e U O O 0 Cd w4 O 0 O 4 10 MG 0 B A B A B A B A8 B S S IR A
=4 b TR B BRSBTS T A B T A0 0 B Y B LAS TR A T I i o I A Bt D B A0 B <4 '

AR R R R

o £
Q_.. W f- W W e O PP O R O I M0 D OO0 P 0 T MO PN 00 00N W D0 N P e 0T W N3 e D D O D D
< B RETRT TR A DO & U O ks I 5 B AR < R0 3 SRS U PR T T B s o T B S R S T A B e I SR B B T A O A Y AN 4 I ¢ SR X R B s B I A R L I R o I e o 0
e - i
— i i —t
Qi T
.ﬁ -
oF .
m‘w DG D D D T D Xy o D G O T D O D D O D O D DD QDO D D D D O D D T O O D 0D D 0D '
e D D et O O PG OO OO T M e O O WD MWD T T M M 0] O N 00 O U 00 e WO O 0P W D O 0 D e A 00
- * > - - - -~ - - - - “* - > - - > - -~ -~ -~ - - -~ - > * *-~ - - - - “* - > -* * » -~ -~ -+~ +~ - -~ - - > +
DBHIWS T I e D O MO s DM i OO OIS NS S0 O G T WS Y D 0 O
[ I R A R A A : L I B B R R R B N i e T B TR B o B Mo B RO B I A O o O %t (O o 8 B
sord 17 04 T i R I B S S O RO L AN oo B 4 Y S £ B i N 0 B St B A T o T M B0 B N LRI I Y A A ]
“f Sa B T ol S I BT A T T B SN ol X T A B O 3 T B 0 o T a 8 F B o B R S A i O T O L B [ AR N .
i SO BT IO e P GNP O I MO OO DS P MO N S UOCNE Pl B IS I A
R R A T T A I I A e B BUSE B A & R CO K B N AN NS A B w B U w I o B v T e i M MR AR A I R R i 1 e
HER o R B B B B B o B e B R B B B e
o

TABLE XXV - METEOROLOGICAL DATA FROM CAPE HATTERAS RAWINDSONDE NO

0 < 0 T

=
=

0y ~0 0 0 00 D 00

= (23 B BRI A B R R A ) LR B RS S R S B R

<« o~ ol - L - - - - - »* - L *> - * d -~ -~ - » -~ -

4 T 0PN D IR I R TRk T e B0 B S A B B TR =f - s
s T T~ 00 0 i WY 0 s O Do TP {300 T -4
B IREN] ip} TR IR A AV AR SN LR N v R x x| jas] . Y

ty

1
o




NADC-79194-30

G P H A e
A I soor B B

WM LT W

foa

oy

-1 &

R i &4
i &7
il 1 &E
i & &3
i Z Y
1204G 4,1 &
. .30 zE
i Sy g T

Ja
5
]

>
¥
L.
¢
Lot
i

i R
“4
P

«
EA

. 4

+ o W kL

“ 3 - g
e + i = S
=

A

-
[
L
11

(IR O

R O B e IR B BN B W )
4 -
L4

1 180, 30 3, 2

7193 Lis i3 Z
gEaz 1 1% 24

BEOZ 1 O 18 2L

Z151 14,00 17 Z15E

3 TR04 15,00 17 218

7 744 15,20 18 231

9 W L&, 00 17 223

7 HTEE 16,40 17 224

7 H444 175G 14 23

=N &1 17,70 13 el

Gy BTAS 14,20 17 23

SR0, 9 S84 14,30 a2 274

841,00 5098 1& .50 &1 I7E

51,4 4743 17,20 70 GRS

42,0 4437 17,40 &l =

g72.8 . 4103 18.40 7 303
583, 4 3778 15,190 73 3
394, 2 3450 1v &5 3
GO, 2 3119 21 &1 3
914 279E 21 &2 3
o7 D473 22 52 3
IR 22 53 3
4%, 25 24 55 3
P LEOT 24 3
1.8 1183 25 3
283 Sa5 2 3
4 orh) T& 3
& jujets o5 3

4 O Iz 445

R s
i le

TABLE XXVI - METEOROLOGICAL DATA FROM CAPE HATTERAS RAWINDSONDE NO. 2
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TABLE XXVII

CAPE HATTERAS WIND INFORMATION FROM RAWINDSONDE NO. 1 (11:00:00 EDT)

Time Elapsed Altitude Above Wind Direction
After Launch Mean Sea Level Wind Speed (in ° relative to
(min) (ft) (kn) true North) .
0 13 6 40
1 935 4 68
2 1838 2 55
3 2648 6 360
4 3419 10 346
5 4381 .13 342
6 5143 i7 346
7 6066 19 340
8 6933 20 338
9 7897 . 21 341
10 8721 21 334
11 9662 21 332
12 10498 i 22 334
13 11426 23 336
14 12284 22 336
15 . 13276 21 334
16 14139 21 330
17 15179 22 329
18 16047 23 332
19 16921 26 333
20 17884 23 328
21 18790 18 326
22 19752 15 336
23 20679 15 343
24 : 21654 16 2
25 22612 18 - 15
26 23576 20 14
27 24510 21 14
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TABLE XXVIII

CAPE HATTERAS WIND INFORMATION FROM RAWINDSONDE NO. 2 (13:00:00 EDT)

Time Elapsed
After Launch
(min)

COYTUMEWNHO

Altitude Above
Mean Sea Level
(ft)

13
1012
1864
2846
3826
4763
5741
6614
7514
8328
9312

10212
11208
12137
13088
14046
15030
15998
16993
17900
18985
19904
20960
21887
22843
23840
24845

131

Wind Speed
(kn)

Wind Direction
(in ° relative to
true North)

60
354
352
356
353
345
341
343
343
339
337
335
333
332
336
335
325
324
331
333
327
332
6
14
5
32

46
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oM. i LAT. 25 des 0% mimes LONG, 7Y% des 18 min

CAUNDH DATEICY/08/7E LAUNCH TIME 1330211 BLASH TIME 13I0%123(E0T)
mlr=1014, 4 SONDE 15
i ALTITUDE TEMF . HUMIGITY i M
fazt a5, o A units units
.
14157 2,03 & 181 B0 0,00
13813 0,54 45 185 244 -12.,38
13443 0,40 59 122 837 -18,42 -
13074 0,75 &1 195 224 = a-v
12739 1.30 &3 199 10 —-F, 38
12371 2,18 Y 203 77 ~11,38
12030 3,13 Ad 204 7E4 -8, &80
} L1485 4,18 a2 208 FAT -4,92
HEZ. A 11329 .18 &0 210 754 ~h 75
71,4 10572 .18 58 211 7Iv ~Zs 2l
&80,49 10451 7,14 ] 212 7Z4 -3, 70
LB, & 103068 B3.28 48 215 710 ~7ald
&9E .8 G044 2,03 48 218 &5 & -8, 20
708,32 519 .93 51 223 &85 ~14,586
F17 .4 PZTE 10.58 21 2158 &E0 24,50
F27.2 a9z 11,323 28 21& A45 2,74
725.4 S8604 12,04 2g 218 &332 -3,18
F4E5.2 g261 12,85 27 22 &18 ~7 475
7E5.2 7248 12,52 26 223 A&D5 - 38
F&T.E 7403 14,11 27 22 521 -F. bl
774.8 7275 13,07 27 227 =78 -8.,08
784.8 H9EB 15.54 28 234 &7 -12:%7
794,0 54631 16.27 25 234 nEZ -0, 20
B03, 4 6313 16.74 22 234 537 0,30
813.4 5992 17,03 248 239 B524 ~-14,41
223,89 BA54 14,85 51 264 535 -73.9&
334,72 5320 146,54 &7 279 535 -44,10
gada,4 4995 16.:64 70 288 SaS -1E,23
254, 4 4480 17.14 78 294 =21 -33, 74
264,86 43462 17.74 79 301 510 -14,38
874.4 4053 52 344 5585 ~202, 44
a4, 4 3747 18.91 78 207 437 184.1%
895.2 2425 192.87 71 308 472 -2.11
P03, 6 2113 20,50 &b 308 457 0,45
715,46 2813 21,30 &8 313 450 24,3
2542 2502 21.94 a7 I20 440 ~-14,21
PZH4 8 2198 22,55 Y 323 4328 -F &Y
48,2 1242 23,31 H5 328 417 -1 88
FET7 .6 15¢2 24,07 &5 332 A08 -1&5,74
GAE.E 1290 24,80 &2 334 374 - 35
P77, 0 25,34 A 338 324 -14,87 ‘
SEF, 4 25,74 A2 343 374 ~14,2&
1000, & 26,10 8O 272 371 —-Fé, 10
1011.2 2H.52 82 380 &4 24 .

TABLE XXIX - METEOROLOGiCAL DATA FOR SONDE NO. 15 USING PERIOD DATA GENERATED
BY BENDIX RDSRU IN P-3C AND NAVAIRDEVCEN ALGORITHMS
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TABLE XXXI - REFRACTIVITY LAYER DATA OUTPUT FOR SONDE NO.

GENERATED BY BENDIX RDSRU IN LABORATORY
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o

, ST I HUMIDITY H H R
faast ) i 2 Ui te it e »
»
4 14LET N 180
& 13813 055 185
4 1E448 0,33 = iva .
) 1EO9E .85 &1 155 7, &G
. 5 12733 1,53 &3 159 -, ET
0 12371 2,23 A 203 ~11,4%
& 12030 3.2 &6 208 -10,02
4 11485 4,12 &3 05 -4, 45
& 1132w 535 &0 RV -7.,43
4 10592 Sel1l 55 211 .Y
4 10451 730 =0 213 -3, 27
& L0308 8,4 A% s -7 L&
2 P& e 48 218 ATE -F, 30
z F&19 9,83 52 el &85 5, 48
& P278 10,39 215 A&l 4,14
TR, 2 2933 11.14 214 Ha4 Y
TI4. 4 85064 12,20 21 A32 -7, 34
TaE.2 Bral 12,81 221 &17 -5, 74
TES, 2 75482 13,61 223 &04 -5, P4
FAEH. T 7403 14,05 204 591 -11.14
774.8 7274 15,13 229 575 -7, 55
724,58 HF38 15,04 233 & ~11,83
FFa.0 &631 16,082 232 553 -2, 37
BOX. 4 4313 17.04 233 534 2,35
3,49 5592 17,02 235 ) -17 81
522,58 5454 14.94 243 HE5 ~72,34
834,72 5320 14440 27y 53H -3, 184
244, 4 4995 16,40 2BE =25 -17 .28
254, 4 4480 17,28 294 =521 -35,77
T 43462 7 57 301 510 ~13, 55
874,54 4053 18,32 307 502 -1, 8
254, 4 3747 15,21 307 487 0,35
29,2 3425 19,48 308 472 ~-1,58
POE, & 3113 20,89 207 458 i, 40
P15, 8 215 21,30 315 450 31,02
T&,.2 24,79 319 439 S REY
e SN 2T, ES 323 43 ~11,3%
Fa5,2 23,34 228 4 -14,97
IET . A 74,24 333 4 -17, 97
5T D 24,58 334 3
PFEL0 25,35 339 3 v
FE%,4 25,92 343 3
Oy 25, 7R 371 IES
; Z& L AB IH0 335 -

TABLE XXXIV - METEOROLOGICAL DATA FOR SONDE NO. 15 USING BENDIX RDSRU LABORATORY
GENERATED PERIOD DATA AND NAVAIRDEVCEN ALGORITHMS
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APPENDIX A
SUMMARY OF USER ALGORITHMS
The algorithms listed in this section of the report were used by
the Tektronics 4051 microcomputer, as part of the NAVAIRDEVCEN processing
scheme, to calculate the required meteorological data.

A.1 Altitude

The altitude equation listed below was derived from a tropospheric

pressure-altitude equation given in appendix 8.0.1 of reference (c).

-0.190263 . -0.190263

A, = (-145445) 1013.246 _ 1013.246 (A=1)

i P P

i s
where

Ai = Pressure altitude (in feet)
Pi = Pressure (in millibars) at altitude Ai
Ps = Surface pressure (in millibars)

1013.246 = Standard sea level barometric pressure (in millibars)
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A.2 Temperature

Two steps are required in the calculation of free air temperature
from the telemetered frequency: (1) conversion of the frequency, as
developed by the sonde oscillator, to thermistor resistance, and
(2) conversion of this resistance value to temperature. It should be
noted that the thermistor element itself is directly coupled to the

sonde's oscillator.

The following general equation for semsor resistance and sensor
frequency was derived by Mr. Sal Grillo of NAVAIRDEVCEN. This equation
was formulated by means of a curve-fitting technique of data compiled
from the characteristics of oscillators that were incorporated into the

dropsonde.

90664.788 F
HR (a-2)

SEN  1719.807 (RSEN+ 47.718)

where
FSEN = Sensor frequency
RSEN = Sensor resistance
FHR = High reference frequency
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The equation for thermistor resistance appears below (see page 3-1

of reference (d)) and can be derived from equation (A-2) by elementary

" algebraic manipulation. In the data calculations presented previously
in this report, the equations that use period values were utilized

rather than frequency values. However, either method is valid.

52.718 FHR
Thermistor Resistance: RT = 7 - 47.718 (A-3)
T
or
52.718 PT
RT = 5 -47.718 (A-4)
HR .

where

RT = Thermistor resistance (in ohms)

FHR = High reference frequency

F., = Thermistor frequency

P = %—-= Thermistor period
T

1
P, ==
HR ~ Fp

= Period of the high reference frequency
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The ensuing ‘third order polynomial equation, derived empirically by
the VIZ Manufacturing Company from test data for its premium temperature
sensors (see reference (e)), page 55), converts thermistor resistance to ©

temperature and provides accuracies within +0.01° C to nominal sensor

test data.
Temperature: T = 3 1 X = 273.16 (A-5)
z [an =]
1<=oAK R0
where

T = Free-air temperature (in ° C)
RT = Thermistor resistance

R30 = Thermistor.lock—in resistance at +30° C

A, = 3.2987 E-03

A = 4.7764 E-@4

A, = 3.0029 E-§6

Ay = 1.5108 E;¢6 .
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A.3 Humidity

There are two steps in the calculation of relative humidity from
the telemetered frequency: conversion of the frequency to hygristor

resistance and conversion of this resistance value to relative humidity.

The calculation of the hygristor resistance is also a two-step
process and begins with the basic sensor resistance equation that was

stated previously.

52.718 F
R, = —F._Hl‘- - 47.718 - (A-6)
H
or
52.718 Py
Ry =—5—— - 47.718 (A-7)
HR

where

RH = Resistance of the hygristor resistor network

FHR = High reference frequency
FH = Hygristor frequency
1 _ .
P, = =— = Hygristor period
H F :
H
P = L. Period of high reference frequency
HR FHR
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The actual total hygristor resistance is derived by determining the
total resistance of the resistor network containing the hygristor, which

appears in figure 51. -

The equation for this resistance network is:

08 471 (A-8)

RH=250+Rh

and can be converted, via algebraic manipulation, to the following final

form for actual hygristor resistance:

‘ 250 CRH -7.1)
Actual Hygristor Resistance: Rh = 350 = (RH ) (A-9)

where

R, = Actual hygristor resistance (in kohms) and

52.718 Py '
RH =s— - 47.718, as defined before.
HR

The expressions for calculating the relative humidity were also
developed at NAVAIRDEVCEN and are dependent on the free—air temperature
and on the ratio of hygristor resistance to the hygristor lock-in resist-

ance. The final equation for calculating relative humidity is given as

follows: "
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Relative Humidity: HR = H1 + %6-(H2 - Hl) (A-10)

where

HR = Percent relative humidity
T = Free—air temperature at that particular altitude

The variables Hl and H2 are determined by the following constraints:

where
Rh = Actual hygristor resistance
Ry= Hygristor lock-in resistance at 33% RH and +25° C

If r < 1.46, then H, = 32.0964 + 38.944 in r

1

If 1.46 < r < 6.2, then H, = 40.5085 + 16.6907 2n r

1

If r > 6.2, then H, = 54.8495 + 9.0138 ¢n r

1

If T<0 and r < 1.4, then H, = 32.5091 + 36.6271 n r

2
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If T<0and 1.4 <r % 3.8, then H, = 36.372 + 16.4646 n r

47.2683 + 9.7881 4n r

If T< 0 and v > 3.8, then H2

| A

If T> 0 and r < 1.2, then H, 32.4162 + 50.2485 n r
If T>0and 1.2 <r £ 5.0, then H, = 42.6859 +20.0476 ¢n r

If T > 0 and 5.0 < r < 40.0, then H2 = 54.6334 + 11.042 4n r

If T>0 and r > 40.0, then H, = 78.9251 + 4.3577 an x

A.4 Refractivity: N and M Units

The following equations that were used for the refractivity index

(in both N and M units) were taken from pages 3-8 and 3-10 of reference (d).

77.6 P - 0.056 HReS 3750 HRes
Refractivity: N = TF 393.16 + 9 (A-11)
‘ (T + 273.16)

where

N = Refractivity index (in N-units)

Barometric pressure (in mbars)

L]
1

Free-air temperature at pressure P (in ° C)

3
]
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Percent relative humidity at pressure P

o

o
]

Saturated water vapor pressure (in mbars)

The saturated water vapor pressure is calculated according to the

following equation:

Saturated Water | . 61238 « 10_3 _3.49149(1;t)
='1013.246 x 107"

[10 -1]

Vapor Pressure: es

11,354 C1-t)

1-t ~-7[10 ]
t5.02808 x 107.90298Q—E—)x l01.3816 x10 .
(A-12)
where
_ T +273.16
373.16
T = Free-air temperature (in ° C)

Refractivity in M-units can be determined by the following expression:
Refractivity: M = N + 0.048 A (A-13)

where

=
fl

Refractivity (in M~units)

2
fl

Refractivity (in N-units)

Pressure Altitude (in feet)

>
|
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The refractivity gradient,-%g, is calculated for every 1000 feet

of altitude as follows:

an N m N
Refractivity Gradient: = = ————— x 1000 (A-14)
da Ay - Ay

where |
%% = Refractivity gradient/1000 ft
Ni = Refractivity at current altitude Ai
Ni—l = Refractivity at previous altitude Ai—l

A, and A, are altitudes in feet
i i-1

The refractivity gradient, %%, is classified according to the

following constraints:

A-10
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Range Classification
dN .
ETY < -48.0 Trapping
' dN .
-48.0 < A < =24.0 Superfractive
-24.0 < % <0 Normal

dN .
0 < aA Subfractive

A-11




